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(57) ABSTRACT 
The injection system of a fuel injection pump is provided. In 
the injection system of a fuel injection pump, a plunger per 
forms a reciprocating slide motion in the axial direction 
inside of the plunger chamber of a barrel for compressing 
fuel. The plunger has a release groove and a control edge. A 
spill port is formed in the wall surface of the barrel. A damp 
ing groove is formed in the upper-part outer circumference of 
the control edge and provides a fine fuel flow path. The 
damping groove meets the spill port in advance to form the 
fine flow of fuel from the plunger chamber to the spill port 
before the control edge of the plunger meets the spill port to 
release pressure. 
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NECTION SYSTEM OF A FUEL NUECTION 
PUMP 

TECHNICAL FIELD 

The present disclosure relates to an injection device for a 
diesel fuel injection pump, and more particularly, to an injec 
tion device for a diesel fuel injection pump, which forms a 
minute flux in advance just before regular pressure relief to 
protect a wall of a spill port in order to prevent cavitation and 
a high-speed jet flow from colliding the wall of the spill port 
and to prevent resultant minute bubbles collapsing near the 
wall in order to minimize the damage of the spill port. 

BACKGROUND ART 

In an internal combustion engine using diesel as a fuel, a 
fuel injection pump compresses the fuel into high pressure 
and delivers the fuel to an injector installed at a combustion 
chamber. An injection device for Substantially compressing 
and delivering the fuel includes a plunger and a barrel. The 
injection device compresses and delivers the fuel when the 
plunger serving as a piston reciprocates in the barrel serving 
as a cylinder. 
A configuration of the injection device including a plunger 

and a barrel will be described with reference to FIGS. 1 and 2. 
A plunger 100 is inserted into a barrel 200 to slidably recip 
rocate in the axial direction (namely, in the vertical direction). 
The plunger 100 is operated to reciprocate by a cam of a 

camshaft (not shown) installed at the injection pump. A relief 
groove 102 communicating with a plunger chamber 202 and 
a control edge 104 communicating with the relief groove 102 
are formed at the plunger 100. 
The barrel 200 has a plunger chamber 202 and a fuel 

feeding/distributing chamber 204 formed at its inside and 
outside, respectively, and a spill port 206 for communicating 
the plunger chamber 202 with the fuel feeding/distributing 
chamber 204 is formed at the barrel 200. 

In FIGS. 1 and 2, when the plunger 100 descends so that its 
upper surface is located below the spill port 206, a fuel flows 
through the spill port 206 into the plunger chamber 202, and 
the fuel starts being compressed from the point when the 
plunger 100 ascends so that its outer circumference closes the 
spill port 206. If the pressure reaches a predetermined level, a 
delivery valve at the upper portion of the plunger chamber 
202 is opened so that the compressed fuel is transferred to the 
injector. 

Subsequently, if the plunger 100 ascends further so that the 
control edge 104 encounters the spill port 206, the high 
pressure fuel in the plunger chamber 202 leaks through the 
relief groove 102 and the control edge 104 to the spill port 
206, thereby releasing pressure. 
As described above, in the fuel compressing and releasing 

procedure, the process of compressing the fuel over about 800 
bars and releasing the pressure to about 3 bars is periodically 
repeated. 

Here, since the fuel pressure is relieved by the spill port 
206, at the instant that the spill port 206 is opened, a high 
speed fuel flow occurs due to a great pressure difference as 
described above, and accordingly the rapidly flowing fuel 
collides with the wall of the spill port 206, which causes 
erosion. 

In addition, if the static pressure of the fuel is lowered due 
to the high-speed flow of the fuel to be equal to or lower than 
a vapor pressure, cavitation phenomenon which generates 
minute bubbles occurs. With the relief pressure, these bubbles 
burst at the outer circumference of the plunger 100, the inner 
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2 
surface of the barrel 200 and the surface of the spill port 206. 
Therefore, the cavitation erosion occurs at the surfaces of the 
plunger 100, the plunger chamber 202 and the spill port 206, 
which becomes a factor of pressure leakage and deteriorates 
the durability of the injection device. 

DISCLOSURE 

Technical Problem 

The present disclosure is directed to solving the above 
problems. When pressure is relieved, right before a control 
edge and a spill port of a plunger are opened, a minute flux 
parallel to a spill port is formed in advance by a damping 
groove. 
Due to the minute flux, the walls of the spill port and the 

plunger are Surrounded by a kind of flux film and protected. 
Therefore, it is possible to prevent a jet flow from rapidly 

colliding with an inlet/outlet portion, and also it is possible to 
Suppress collapse of minute bubbles generated by cavitation 
near the walls, thereby minimizing the damage of the injec 
tion device and improving the durability. 

Technical Solution 

In one general aspect, the present disclosure provides an 
injection device for a fuel injection pump, where a plunger 
slidably reciprocates in a plunger chamber of a barrel to 
compress a fuel, wherein a relief groove communicating with 
the plunger chamber and a control edge communicating with 
the relief groove are formed at the plunger, wherein a spill 
port is formed at a wall of the barrel to communicate with the 
plunger chamber and a fuel feeding/distributing chamber, the 
spill port allowing pressure of the plunger chamber to leakout 
by contacting the control edge, and wherein a damping 
groove connected to an upper end Surface of the plunger or the 
relief groove to provide a minute flux passage of the fuel is 
formed at an upper outer circumference of the control edge, 
so that the damping groove encounters the spill port in 
advance to form a minute flux of the fuel from the plunger 
chamber to the spill port before the control edge of the 
plunger encounters the spill port to provide a full-scale relief 
of pressure. 

In the injection device of the present disclosure, the damp 
ing groove may be formed in at least two rows, and an entire 
width of at least two rows of the damping grooves may be 
smaller than a diameter of an inlet/outlet portion of the spill 
port. 

Advantageous Effects 

When the injection pump of the present disclosure is used, 
right before a control edge and a spill port of a plunger are 
opened so that shortly before a full scale relief of pressure, a 
minute flux is formed in advance by a damping groove. 
Due to the minute flux, an abrupt jet flow is not formed 

from the plunger chamber to the spill port, and the pressure 
does not drop abruptly. 

Therefore, it is possible to prevent a jet flow from rapidly 
colliding with an inlet/outlet portion, and also it is possible to 
prevent cavitation from being generated due to a pressure 
drop, thereby minimizing the damage of the injection device 
and improving the durability. 

DESCRIPTION OF DRAWINGS 

FIG. 1 is a perspective sectional view showing a configu 
ration of a conventional injection device. 

FIG. 2 is a front sectional view showing a configuration of 
the conventional injection device. 
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FIG. 3 is a perspective sectional view showing a configu 
ration of an injection device according to the present disclo 
SUC. 

FIG. 4 is a perspective view showing a plunger employed in 
the injection device of FIG. 3. 

FIG. 5 is a cross-sectional view taken along the line A-A of 
FIG. 4. 

FIG. 6 is a diagram for illustrating a flux formed by a 
damping groove. 

BEST MODE 

Hereinafter, preferred embodiments of the present disclo 
sure will be described in detail with reference to accompany 
ing drawings. The same components as in FIGS. 1 and 2 will 
be designated by the same reference numerals. 

FIGS. 3 to 6 show an injection device according to the 
present disclosure, where FIG. 3 is a perspective sectional 
view showing the injection device, FIG. 4 is a perspective 
view showing a plunger, FIG.5 is a cross-sectional view taken 
along the line A-A of FIG. 4, and FIG. 6 is a diagram for 
illustrating a flux formed by a damping groove. 

First, as shown in FIGS. 3 to 5, in the injection device 
according to the present disclosure, a relief groove 102 com 
municating with a plunger chamber 202 of a barrel 200 and a 
control edge 104 communicating with the relief groove 102 
are formed at a plunger 100, and the barrel 200 has a plunger 
chamber 202 formed at its inside and a fuel feeding/distrib 
uting chamber 204 formed at its outside. A spill port 206 for 
communicating the plunger chamber 202 with the fuel feed 
ing/distributing chamber 204 is also formed at the barrel 200. 

In the plunger 100, a damping groove 130 is formed at an 
upper outer circumference of the control edge 104. 

The damping groove 130 is configured to connect to the 
upper end surface of the plunger 100 or the relief groove 102. 
and by doing so, pressure leaks from the plunger chamber 202 
when the damping groove 130 encounters the spill port 206. 

The damping groove 130 encounters the spill port 206 to 
communicate the plunger chamber 202 with the spill port 
206, just before the control edge 104 of the plunger 100 
encounters the spill port 206 to provide a full-scale relief of 
pressure. 

Several damping grooves 130 may be formed. When sev 
eral damping grooves 130 are formed, the entire width H (see 
FIG. 5) of the damping grooves 130 is smaller than the diam 
eter D of an inlet/outlet portion of the spill port 206. 

Even though the damping groove 130 is formed parallel to 
the control edge 104 in this embodiment, the damping groove 
130 may have various angles and directions, without being 
limited thereto. 

In the present disclosure configured as above, since the 
damping groove 130 encounters the spill port 206 to form a 
minute flux in advance just before the control edge 104 of the 
plunger 100 encounters the spill port 206 to provide a full 
scale relief of pressure, it is possible to prevent the fuel from 
rapidly colliding with the wall of the spill port 206 and it is 
also possible to prevent minute bubbles, which is a main 
factor of erosion due to cavitation, from collapsing near the 
wall, thereby preventing the injection device from being 
eroded and damaged. 

This will be described in detail below with reference to 
FIG. 6. 

(1) Erosion Caused by Direct Impact of a High-Speed Jet 
Flow 
When the control edge 104 encounters the spill port 206 

and is opened at the last stage of the compression cycle of the 
plunger 100 as shown in FIG. 6, a high-speedjet flow over 500 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
m/s is generated due to a great pressure difference between 
the plunger chamber 202 and the fuel feeding/distributing 
chamber 204. 

Particularly, since such a jet flow tends to be generated 
periodically in a fuel injection pump due to the reciprocation 
of the plunger 100, as the length of the spill port 206 
increases, more fatigue is accumulated at the inner wall Sur 
face of the spill port, which is directly collided with the jet 
flow, and so the spill port is resultantly damaged by erosion. 

In order to avoid Such damage, a method of allowing a 
high-speedjet flow to flow without contacting the wall of the 
spill port 206 has been studied as a measure. 

According to the present disclosure, at the last stage of the 
compression cycle of the plunger 100, the damping groove 
130 encounters the spill port 206 to communicate the plunger 
chamber 202 with the spill port 206 before the control edge 
104 encounters the spill port 206 and is opened with full 
scale, and by doing so, a minute flux (a small amount of thin 
flux) is firstly formed along the damping groove 130 in a 
direction parallel to the spill port. 
The high-speed minute flux of the small amount of fuel 

gives an effect of protecting the inner wall surface of the spill 
port 206 as a kind of flux film. Therefore, afterwards, the 
minute flux prevents a large amount of high-speed jet flow, 
generated when the control edge is opened, from directly 
colliding with the wall of the spill port. For this reason, when 
the jet flow reaches the wall of the spill port 206, the speed of 
the jet flow greatly decreases, the intensity of the jet flow is 
weakened, and the flowing direction of the jet flow is biased 
outwards in the radial direction of the spill port 206, thereby 
eventually preventing the wall of the spill port 206 from being 
eroded. 

(2) Erosion Caused by Indirect Impact Due to the Genera 
tion of a Cavitation 
When the control edge 104 encounters the spill port 206 

and is opened at the last stage of the compression cycle of the 
plunger 100 as shown in FIG. 6, a high-speedjet flow over 500 
m/s is generated due to a great pressure difference between 
the plunger chamber 202 and the fuel feeding/distributing 
chamber 204, and the high speed of the jet flow drops the 
pressure, which generates cavitation. 

According to the present disclosure, since the damping 
groove 130 encounters the spill port 206 to form a minute flux 
in advance just before the control edge 104 of the plunger 100 
encounters the spill port 206 to provide a full-scale relief of 
pressure, the high pressure of the plunger chamber 202 is 
slowly relieved in advance, and the minute flux forms a kind 
of flux film which protects the walls of the spill port and the 
plunger. 

Therefore, since the pressure of the plunger chamber 202 is 
significantly relieved in advance at the point when the control 
edge 104 encounters the spill port 206, the speed of the fuel 
greatly decreases, the pressure does not drop abruptly, and the 
flux film prevents minute bubbles known as a main factor of 
erosion caused by cavitation from being generated and also 
prevents the minute bubbles from collapsing near the walls, 
eventually decreasing the cavitation and resultant damage. 
The embodiments of the present disclosure have been 

described in detail with reference to the accompanying draw 
ings. However, these embodiments are just preferred 
examples, and the scope of the present disclosure is not lim 
ited by the embodiments. In addition, those skilled in the art 
will appreciate that the embodiments may be readily utilized 
as a basis for modifying or designing other equivalent 
embodiments of the present disclosure, and these modifica 
tions and equivalents do not also depart from the spirit and 
Scope of the disclosure as set forth in the appended claims. 
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INDUSTRIAL APPLICABILITY 

When the injection pump of the present disclosure is used, 
right before a control edge and a spill port of a plunger are 
opened, a minute flux is formed in advance by a damping 
groove. 
Due to the minute flux, an abrupt jet flow is not formed 

from the plunger chamber to the spill port, and the pressure 
does not drop abruptly. 

Therefore, it is possible to prevent a jet flow from rapidly 
colliding with an inlet/outlet portion, and also it is possible to 
prevent cavitation from being generated due to a pressure 
drop, thereby minimizing the damage of the injection device 
and improving the durability. 
The invention claimed is: 
1. An injection device for a fuel injection pump, where a 

plunger (100) slidably reciprocates in a plunger chamber 
(202) of a barrel (200) to compress a fuel, 

wherein a relief groove (102) communicating with the 
plunger chamber (202) and a control edge (104) com 
municating with the relief groove (102) are formed at the 
plunger (100), 
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wherein a spill port (206) is formed at a wall of the barrel 

(200) to communicate with the plunger chamber (202) 
and a fuel feeding/distributing chamber (204), the spill 
port (206) allowing the fuel in the plunger chamber 
(202), when pressurized, to leak out by contacting the 
control edge (104), and 

wherein a damping groove (130) connected to an upper end 
surface of the plunger (100) or the relief groove (102) to 
provide a minute flux passage of the fuel is formed at an 
upper outer circumference of the control edge (104), so 
that the damping groove (130) encounters the spill port 
(206) in advance to form a minute flux of the fuel from 
the plunger chamber (202) to the spill port (206) before 
the control edge (104) of the plunger (100) encounters 
the spill port (206) to achieve a full-scale release of the 
pressure of the fuel; and 

wherein an entire width (H) of at least two rows of the 
damping grooves (130) is formed parallel to the control 
edge (104) and is smaller than a diameter (D) of an 
inlet/outlet portion of the spill port (206). 


